This study describes a model, which classifies the susceptibility of streams to flooding. Three flood predisposing factors are considered: average slope, accumulated flow, and average relative permeability. Multi-criteria analysis provided results for 11 combinations of weights. Results were compared with the historical record of flood losses reported in newspapers between 1935 and 2010. Lithology appears to function as a relevant factor in differentiating the major sub-basins. Eighty-six percent of flood loss occurrences took place in streams identified by the model. Analysing stream flood susceptibility and flood loss data allow the identification of locations where disaster causes should be searched, apart from those explained by the predisposing factors. The assessment of streams' flood susceptibility through this methodology is useful in (i) data-rich contexts where additional factors may be considered and the availability of historical records helps to validate the model and (ii) data-poor contexts where data to run the model is easily found.
Introduction
Floods are inevitable processes which account for 33% (104 billion USD) of the global average annual losses caused by natural hazards in the period 1990 -2013 (UNISDR, 2015a . In fact, disasters caused by floods affect more people worldwide than any other hazard (UNISDR, 2015a) . A disaster is always the outcome of a hazardous process taking place in a given human system with its own social, economic, institutional, and cultural properties (Brooks, 2003) . These figures highlight the need to improve our knowledge of the factors that trigger and promote a flood disaster event, which is one of the priorities outlined in the Conference of Sendai (UNISDR, 2015b) .
Complexity, together with uncertainty and ambiguity, is a common characteristic in risk governance processes (Aven and Renn, 2010) . Dealing with complexity in flood risk governance is evident, for example, in the application of various methods aimed at flood hazard assessmenti.e. the spatial incidence and the probability of the flood (Mathieu et al., 2007; Díez Herrero et al., 2008; Benito and Hudson, 2010) . Flood hazard assessment techniques and methodologies are often classified in three major groups: geologic and geomorphologic, hydrologic, and hydraulic and historical (Mathieu et al., 2007; Díez Herrero et al., 2008) . Availability of data and new technological tools has allowed for recent developments inside each group of methodologies, often complementarily applied (e.g. Domeneghetti et al., 2013 Domeneghetti et al., , 2015 Moncoulon et al., 2014) . The application of such methodologies and the respective validity of results are even more complex in contexts of climate change (Few, 2003) . The use of data derived from Digital Elevation Model (DEM) to assess flood hazard combined with vulnerability indices is a useful approach in comprehending the relationships between the physical processes and the contexts in which flood disasters take place (Dingguo et al., 2007; Morelli et al., 2015) .
Several factors can influence the propensity to flooding. Lithology, land use, morphology, slope, flow accumulation, and rainfall are the most frequently used; however, their selection depends on the objective of the study and on the adopted scale of analysis (Collier and Fox, 2003; Yahaya et al., 2010; Kourgialas and Karatzas, 2011; Santangelo et al., 2011) . The relationships between factors are frequently defined by multi-criteria analysis (e.g. Kourgialas and Karatzas, 2011) , although other statistical methods such as machine learning are also commonly used (Tehrany et al., 2014 (Tehrany et al., , 2015 . In certain geographical contexts where resources are scarce (inexistence of input data to run hydrologic and hydraulic flood models, insufficient time to conduct field studies of fluvial geomorphology, or other financial or technical constraints) the availability of tools that provide hazard assessments less dependent on such requirements is a valuable asset (AOS, 1991; Hagen et al., 2010; Nobre et al., 2011; Yan et al., 2014a Yan et al., , 2014b . A comprehensive application of this approach along with data provided by geomorphological analysis, flow levels, topographic bases, and historical hydrological records was developed for the Arno river basin (Morelli et al., 2014) . The study presented in this article is in line with the purposes expressed in these examples, namely, by exploring the use of elevation models and data available on permeability (e.g. land use and lithology) to identify the streams more prone to flooding. Further to the consideration of such predisposing factors, historical flood data is a useful resource in understanding the spatio-temporal patterns of natural disasters (Yi et al., 2012) , and its application in the improvement and validation of flood hazard assessments is a common approach (Barnolas and Llasat, 2007; Prinos, 2008; de Moel et al., 2009) . Historical data are also used to calibrate models for the assessment of flood hazard at a nation-wide scale (Hagen et al., 2010) . The use of this type of data is not always possible -particularly in data-poor contexts -but whenever available it provides a more accurate assessment of flood frequency and extent (Benito and Hudson, 2010) . The methodology applied in this study was first described and applied in Portugal (Reis, 2011) as a tool that provides a classification of streams in regard to their susceptibility to flooding. The method also identifies flood prone areas although this part of the method was not applied in the current study. The first applications of the described methodology aimed at supporting the definition of a Portuguese legal instrument, the National Ecological Reserve (REN), which regulates the compatibility of certain land uses and activities with a typology of areas, among them, those threatened by flooding. Recently, an adaptation of the original methodology was presented (Jacinto et al., 2014) and applied to the entire area of Continental Portugal and validated with the historical records of flood losses collected under the DISASTER project (Zêzere et al., 2014) . In this nation-wide application of the method, a better appreciation of the different flood mechanisms (e.g. progressive and flash floods) at different spatial scales was attempted. The final result consists of a classification of flood susceptibility not only of streams but also of the entire territory, including slopes and hilltops. This paper deals with the application of a method for stream flood susceptibility (SFS) assessment in a mediumsize watershed in Portugal. Physical and human causes of floods in this context are described in Ramos and Reis (2002) . Progressive floods are associated with prolonged rainfall events and affect the larger basins and respective wide floodplains, whereas short and intense rainfall episodes are the cause of extreme peak flows responsible for flash floods in the medium to small size basins. Soil impermeabilization, forest fires, and the two-sided role of dams are the more relevant human factors that influence the flood hydrograph.
Study area
The Agueda river basin (979.3 km 2 ) is located in the Central region of Portugal and it is part of the Vouga river basin (Figure 1 ). Distinct morpho-structural units produce distinct geologic features, which control morphology and slope. Slope is generally higher in the eastern sector of the Agueda river basin, which belongs to the older formations of the Hesperian Massif. Here, the drainage network is more developed and V-shape valleys predominate. In contrast, the western Meso-Cenozoic morphology is dominated by hills between 100 and 200 m high and wider flat floodplains. Altitudes in the entire basin range from 1045 m in the eastern sector to 6.7 m in the baseline at the confluence with the Vouga river.
The Agueda basin is divided in two major sub-basins: the Agueda sub-basin and the Cértima sub-basin. Thus, the entire Agueda basin has two main streams -the Agueda river running in a W-E direction, and the Cértima river flowing in a S-N direction. The lower reach of the Cértima river consists of a natural lagoon called 'Pateira de Fermentelos'. Elevations in the margins of this lagoon reach 3 m, which is lower than in the Vouga river floodplain where the confluence with the Agueda river occurs. Prolonged and intense rainfall events are the major causes of the fluvial floods that occur in the Agueda river basin. In the low-lying areas of the Meso-Cenozoic Basin, annual average rainfall, measured at the station of Oliveira do Bairro, is 1077.4 mm whereas in the mountainous areas of the Hesperian Massif the average rainfall is around 1800 mm (Martins, 2014) . As for the daily maximum rainfall, the former sector presents a maximum of 97 mm in 24 h, while in the mountainous areas the highest recorded value is 180 mm.
Regarding the Agueda river sub-basin, data from a gauging station located in the city of Agueda shows an annual maximum instantaneous peak discharge of 280.45 m The city of Agueda is the main built-up area in the basin and is crossed by the Agueda river. The Cértima river also flows by important built-up areas (Mealhada and Anadia) and other smaller neighbouring urban areas aligned in a N-S axis, which developed in the 20th century around the railway and the highway that connect Lisbon, the capital city, to Porto, the second major city. Forest land predominates in the Agueda basin, particularly in the mountainous area. Agricultural, residential, and industrial activities predominate in low-lying areas under 100 m of the western sector.
In order to achieve an efficient presentation and analysis of results, the study area was sub-divided in four sub-basins (Figure 1 
Methodological approach
This section provides a general description of the SFS model (Figure 2 ), considering the research objective of mapping the propensity of streams to fluvial flooding.
Stream susceptibility to flooding is dependent on a diverse range of variables. It is assumed that those that influence the quantity and velocity of surficial flowing waters are the most relevant to flooding. In this study, a hydrologically corrected DEM, lithology, and land use data constitute the model's initial input data from which three flood predisposing factors were derived: average slope, accumulated flow, and average relative permeability. Flow accumulation is crucial in the assessment of flood susceptibility because it represents the total area that contributes to water flow upstream of each given point. Slope influences both the concentration time and the infiltration capacity.
Additionally, slope combined with flow accumulation differentiates the hill and mountain tops from the valleys' bottoms. Lithology was used as an indicator of water infiltration while land use was employed to identify the areas where human intervention might cause total or partial soil impermeabilization. Soil data were not used for two reasons: lack of data for the entire area and the fact that soils, particularly in the western sector of the area, are largely undeveloped which makes lithology more relevant in terms of the influence of permeability.
Slope, flow, and permeability have distinct roles in a stream's propensity to flooding and therefore, the best possible combination of these factors was assessed using flood historical records. All Geographic Information System (GIS) procedures were carried out using ArcGIS ® .
Factors of flood susceptibility Accumulated flow (A f )
Accumulated flow (A f ) in a given cell is a value that represents the number of upslope cells which drain into it. Tarboton (1997) provides thorough theoretical insight on the determination of this factor. The first step in the calculation of A f was to obtain flow direction from a hydrologically corrected DEM. This DEM has a raster resolution of 10 m and was obtained from contour lines 10 m equidistant, from the 16 maps at the scale 1:25 000 of the Portugal's Military Chart (IGeoE) that cover the Agueda river basin. Flow direction, calculated with the hydrologic set of tools of ArcToolbox ® from ArcGIS ® , was then used to obtain A f using the same set of GIS tools. A f constitutes the first flood predisposing factor.
Average slope (A s )
The average slope (A s ) is the second predisposing factor. The first step was to calculate slope expressed in degrees from the hydrologically corrected DEM. The next step in the calculation of A s was to perform the flow accumulation in ArcToolbox ® using the previously obtained flow direction and using the slope in degrees as a weight factor, which results in accumulated slope (Acc s ). This assigns to each downstream cell the sum of slopes in the cell immediately upslope from it. Finally, A s is obtained as the ratio between Acc s and A f (Eqn (1))
Each cell value of A s represents the average slope of all the cells that drain into it.
Average relative permeability (A rp )
Relative permeability was evaluated from lithologic and land use data. The lithologic information was obtained from the Portuguese Geologic Chart at the scale 1:500 000 (LNEG, 1992) . Land use was obtained from the Portuguese Land Use Chart of 2007 (IGP, 2007) , which has a minimum representation unit of 0.01 km 2 . Lithologic formations were ranked in the interval between 0 and 10, according to their relative permeability (Table 1 ). For example, minimum relative permeability (score 2) is found in the Triassic-Jurassic formations composed of red sandstone and in the Ordovician quartzite and schist. Maximum relative permeability (score 10) is found in the Quaternary fluvial terraces, sands and gravels, located in the western sector of the study area. Land use classes are ranked between 0 and 1 with zero assigned to impervious surfaces, 0.5 to public gardens, outdoor sport and leisure areas, and 1 to natural, forest and agricultural areas.
The two layers of information were then multiplied using GIS tools, resulting in relative permeability (R p ). R p values are inverted so that low scores of R p are associated with high capacity to generate surficial runoff. Similarly to the procedure used to compute slope, flow accumulation was calculated with ArcToolbox ® using R p as weight factor and the previously obtained flow direction, resulting in accumulated relative permeability (Acc rp ). As done for slope, Acc rp was divided by A f , yielding average relative permeability (A rp ) (Eqn (2)). A given value of this parameter represents the average relative permeability of all the cells that drain into it.
Linear transformation and classification Cartographic expression of flood susceptibility conditioning factors Figure 3 shows the accumulated flow, average slope, and average relative permeability obtained by applying the above methodology. Slope and relative permeability show large differences between the old and more consolidated formations of the Hesperian Massif and the Triassic and post-Triassic formations of the eastern sector of the basin.
Historical record of flood losses
A database of historical records of flood losses was compiled for the Agueda basin in order to validate the different combinations of weights (Reis, 2011; Jacinto et al., 2014) .
Each spatially identifiable location, where a flood loss was recorded, was defined as an occurrence. The occurrences recorded in the flood losses database were classified according to the type of consequence: (i) human consequences; or (ii) material consequences. The former corresponds to one or more casualties, injured, missing, evacuated, or displaced persons reported by the newspapers. This database is part of the nation-wide DISASTER database (Zêzere et al., 2014) in which both authors participated. The difference between evacuated and displaced persons is that a displacement entails the necessity to move to another residential building, whereas evacuated persons normally are able to return to the affected house.
The latter type corresponds to reported flood losses with damages in building or properties and disruptions to infrastructure, without mentioning any of the previous human consequences. This database corresponds to an additional survey carried out by the authors since these occurrences do not follow the DISASTER database criteria.
The database of historical records of flood losses for the Agueda basin comprises 322 flood loss occurrences that are spatially identifiable (Figure 4 ) and were reported by newspapers between 1935 and 2010. Sixteen flood loss occurrences (5% of the total) belong to the above-mentioned type of human consequences and the remaining 306 were due to floods that only caused material consequences.
Occurrence of flood loss is clearly associated with human developments and activities in floodplains, as shown by the concentration of occurrences around the city of Agueda. Although the Agueda and Cértima sub-basins have very similar drainage areas, the former presents a significantly higher number of loss occurrences than the latter, particularly occurrences associated with evacuation of people and material losses (Table 2 ). Conversely and independent of the area of drainage, the three casualties are evenly distributed through three of the four sub-basins: one in the furthermost downstream sector (in the Post-confluence subbasin), one in the upstream sector of the Agueda sub-basin and the third in the middle section of the Cértima subbasin.
Flood loss occurrences can be grouped according to their respective flood event. In the 1935-2010 period, four severe flood events were identified, according to the number of associated occurrences and type of consequences:
• 18 January 1955: 1 death, 16 persons evacuated (13.7% of the total), and 8 occurrences with material consequences (2.6% of the total), all of them in the Agueda sub-basin; and 32 occurrences with material consequences (10.5% of the total), 14 of them located in the Cértima sub-basin and 2 in the Post-confluence sub-basin. The Palha sub-basin is the least impacted by flooding. Its eight flood loss occurrences (2.5% of the total) are uniquely of the material type and have not occurred in any of the above-mentioned major flood events; they are divided in four minor events whose consequences are mostly related to road traffic interruptions.
Weighting of flood susceptibility factors with the historical flood data Based on previous assessments of stream susceptibility to flooding described in the introductory section, it is known and assumed a priori that accumulated flow should be given the highest weight, starting with values around 60%, and the other two factors should be given smaller and approximately equal weights. In total, 11 combinations of weights were tested (Table 3 ). The table also presents the raster values under which SFS would not be represented. This procedure aims at excluding the values of susceptibility related to slopes and hilltops. The thresholds presented in the last column of Table 3 were not defined using the location of flood loss occurrences, but simply by defining a value that excludes slope and hilltop areas. In fact, the purpose of the methodology is to classify each point in a given stream according to the characteristics of the three predisposing factors upstream of it. In order to keep uniformity in the definition of susceptibility the excluding limits vary, which also implies that the resulting length of streamlines in each of the combinations is not constant. Hence, the number of occurrences covered by each combination of weights is also variable (cf. Table 4 ). The final score in each combination results from the application of the following formula: SFS = Af *w Af + As*w As + Arp*w Arp ð3Þ in which w Af , w As and w Arp are the weight factors applied to each of the flood susceptibility factors (the sum of these weight factors is 1). The results obtained from the several tested combination of weights were compared with the flood loss database. The validation was performed with no distinction between the two types of occurrences -those with human consequences and those with only material consequences -because every occurrence counts as testimony of a given flood event in time and space, independently of its severity. Pearson correlation coefficients between the occurrences found in each of the six classes of susceptibility and each combination of weights was calculated. The number of flood loss occurrences that took place in streams or areas not covered by the resulting classes of susceptibility, after applying the excluding limits, were also considered as a criterion to select the best combination of weights (Table 4) . As observed, the combination of weights that shows higher correlation with the location of reported flood losses is 80% for flow, 15% for slope, and 5% for relative permeability. Nevertheless, the combination adopted was that of 85% for flow, 5% for average slope, and 10% for average relative permeability because this is the combination that includes more flood loss occurrences, in spite of a slightly lower correlation coefficient. In fact, none of the Pearson correlation coefficients is higher than 0.6; therefore this criterion was not considered as relevant as the percentage of past flood loss records covered by the resulting SFS.
After deciding about the final result of SFS (where uniformity in the decision process was assured through the exclusion of slope and hill top areas), the excluding limit of the selected combination (f85s05p10) was lowered from 1.20 to 1.00 in order to increase the stream network covered by the SFS assessment and, consequently, to include more flood loss occurrences. This procedure resulted in the inclusion of four more occurrences. Finally, susceptibility to flooding in each stream was classified using natural intervals in six classes.
Results
Stream flood susceptibility Susceptibility of a stream to flooding is categorized into six classes by descending order, i.e. class 6 represents the highest susceptibility. The resulting SFS identifies only the main-stream lines in each of the four sub-basins of the entire Agueda river basin ( Figure 5 ). Values of SFS range The values in this table are the number of (1) occurrences with human consequences; (2) occurrences with only material consequences; (3) occurrences with human and material consequences; (4) casualties; (5) missing persons; (6) injured persons; (7) evacuated persons; (8) (Table 5) . This difference may be caused by the contribution of slope and permeability both to the development of the stream network and to the increase in susceptibility.
The weighted average of SFS, using length as the weight factor, for the four sub-basins is as follows:
Agueda subbasin (2.32), Cértima sub-basin (2.83), Post-confluence sub-basin (6), and Palha sub-basin (1).
Relationship between SFS and flood loss occurrences
Flood loss occurrences explained by the model Some 277 of the 322 flood loss occurrences (86%) are located close to the streams of the Agueda river basin that were identified as the most susceptible to flooding (SFS classes 1-6) ( Table 6 ). Most of the occurrences are located at or near the city of Agueda (Figures 4 and 6) , whose main stream -the Agueda river -is classified into the class 5 of SFS, the second highest class of flood susceptibility. Of the reported 117 evacuated persons in the period 1935-2010, 103 live in the city of Agueda where the majority of occurrences with no human consequences took place (Table 6 ).
The stream that flows along the city of Agueda (SFS class 5 in Table 7 ) stands out not only in the absolute frequency of loss occurrences, but also when their relation with length is considered (i.e. number of occurrences per km). Beyond that stream (with 14.03 occurrences per km), the other two streams are equally important: SFS class 6 in the Cértima sub-basin (10.32 occurrences per km) and SFS class 6 in the Post-confluence sub-basin (10.20 occurrences per km).
Flood loss occurrences that are outliers to the model
Disasters occur where people reside or where people's activities take place. This fact implies that a classification of stream susceptibility to flooding may not necessarily correlate significantly with a given historical record of losses. As Table 6 and Figure 6 show, 45 of the 322 flood loss occurrences are outliers of the flood susceptibility results, although they have occurred near streams. In 41 of those 45 occurrences, only material losses were registered: 12 occurred in the Agueda sub-basin, 24 in the Cértima sub-basin, and 5 in the Post-confluence sub-basin ( Figure 6 ). The majority of damages involve road (21 occurrences) and railway (2 occurrences) service disruptions at places where the infrastructure crosses the streams. Minor damages to houses and agricultural land are also reported.
The location of flood loss occurrences in streams not classified by the SFS model ( Figure 6 ) suggests that other factors than those considered in the model may be triggering the occurrence of losses. There are four occurrences with human consequences that are not explained by the SFS model (represented by triangles in Figure 6 ) that have resulted in the following human consequences: 2 casualties, 1 person evacuated, and 12 displaced persons. In which contexts did these disasters take place? Newspaper reports show that some of these losses are due to specific causes without an unequivocal relationship to a flood event. One of the casualties occurred in the upstream sector of the Agueda sub-basin. This occurrence is nearly covered by the model. The disaster took place when a 12-year-old girl was crossing the stream on her way home from school during the flood event of 18 January of 1955, one of the most Agueda basin, although floods losses with casualties occurred in other adjacent basins, such as the Mondego river basin. The newspaper article is vague mentioning only that the victim was a 45-year-old woman. The person evacuated was a 6-year-old girl rescued from a tree during the flood that took place in a small village along the Cértima river. Finally, 12 displaced persons were from a village named Aguada de Cima, located in the Cértima subbasin. This flood disaster was not associated with the Cértima river but instead with a smaller stream which crosses that village, and whose upstream area defines a 15 km 2 basin. This disaster occurrence belongs to one of the four major flood events in the study area -the one that occurred on 2 January 2003 (cf. Historical record of flood losses section).
In general, along with the description of losses, almost all the newspaper articles describe also the type of flood, i.e. the process that caused flooding (whether flash flood or slow-onset flood). Nevertheless, on some occasions the cause of the disaster is a circumstantial accident that could eventually be prevented. In fact, only one of the three reported casualties occurred in streams prone to flooding, i.e. those classified by SFS.
Regarding the occurrences where uniquely material consequences are reported, their location may reflect local critical conditions (e.g. causing road interruptions), that may be easily prevented with local measures as they occurred in streams unlikely to be prone to flooding.
Discussion
Flood susceptibility is not the same in the two main subbasins: the Agueda sub-basin, for example, presents a long segment of the main river with class 5 of SFS (with a vast steep and impervious upstream area in the mountainous context of the Hesperian Massif ) that drains through the site of the most important city in the study area. Conversely, the stream network of the Cértima sub-basin lies along an area with low hilly morphology and more permeable lithologic formations, although exposure is also significant due to the proximity of several settlements with streams and their respective floodplains. These differences between the two sub-basins are probably the reason why 24 of the flood loss occurrences not covered by the model are located in the Cértima sub-basin, while only 12 of those occurrences are located in the Agueda sub-basin. The Palha sub-basin is a smaller tributary draining to the natural lagoon of Fermentelos. As such, it has a reach of only 3.28 km and is ascribed to the lower class of SFS (class 1). Flood losses here consist mostly in road disruptions and agricultural damages. On the other hand, the Postconfluence sub-basin is even smaller in area (6.3 km 2 against 63 km 2 ) but, hydrologically it aggregates the flood waters of the Agueda and Cértima sub-basins, which justifies the maximum class of SFS (class 6). In terms of flood losses, one casualty was reported in this sub-basin and material consequences correspond essentially to agricultural damages and road disruption.
It was noticed that the Agueda river basin does not comprise all the SFS classes. For example, SFS class 4 is absent in the Agueda sub-basin. This is a consequence of (i) applying the same classification method to the entire Results showed that there is not a clear correlation between the natural susceptibility of streams to flooding and the location of the historical record of flood loss occurrences. On the other hand, the absence of disasters in streams where the calculated flood susceptibility is higher does not mean that when disasters occur upstream, such streams are not in flood. On the contrary, since they are located in the downstream sectors of the floodplain, it is very likely that they will also be flooded although that is not reported in the news. A possible cause for this is that peoples' knowledge and memory about the hydrological behaviour of the rivers may be preventing more disastrous consequences, as floodplains mainly have flood compatible uses such as agriculture (this is testified by the flood loss records in the Post-confluence sub-basin). On the other hand, where flooding is less frequent and the behaviour of streams less predictable, residential sprawl and other types of human activities are displayed in floodplains and affected by flooding.
In the study area, disasters (including two of the three reported casualties) that occurred in small streams are not explained by the model. The hydrographic contexts where these losses occur appear to be more related to flash flood events and critical runoff points, than to slow-onset floods because the contributing watersheds of such streams are not large enough to generate the latter type of flood. The capacity to interpret the historical record of flood losses from the display of physical factors that express the propensity to flooding is a significant outcome of the applied methodology. In fact, many flood occurrences could not be explained by the SFS, and thus, other causes need to be identified. The evidence of such events is also a meaningful by-product of the SFS methodology.
Final notes
This paper described the application of a methodology for the assessment of flood susceptibility at the basin scale. The calculated SFS expresses a pre-condition to flooding based on three predisposing factors (flow accumulation, slope, and permeability) where only the last one has the potential to be significantly modified by human action because it includes land use data in its assessment. The methodology includes an analysis of the relationship, or its absence, between the susceptibility results and the historical records of flood events. Moreover, due to the completeness of the flood loss database, it was possible to perform a comparative analysis of the resulting classes of flood susceptibility in face of the severity of flood losses. The assessment of SFS through this methodology is useful in distinct types of geographical contexts. In data-rich contexts, the predisposing factors applied in this study could be used with the same or higher spatial resolution, or additional factors could be included. Additionally, long and detailed flood loss databases allow for, more accurately, defining the predisposing factors' weights. On the opposite spectrum of data availability, even in data-poor contexts there are global land use databases and DEMs from which factors that characterize the propensity to flooding can be extracted. In these contexts, loss data from newspapers may not be available and research from other data sources should be attempted as validation data.
The described methodology can be particularly useful and replicated in the context of regional and urban development plans where scientific input data to run hydrologic and hydraulic models is scarce. By providing data on flood susceptibility that has been tested against the historical record of flood damages, this study provides a preliminary assessment (cf. 'Floods' Directive 2007/60/CE) which may help decision makers to find appropriate flood risk governance strategies.
Future research should further explore the validity of the SFS model in face of the different hydrological triggering factors (e.g. prolonged rainfall events, strong convective weather), making use of a cross-analysis of the historical flood loss records and the rainfall patterns extracted from rain gauge stations.
